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Description

Background of the Invention

[0001] Domestic cats are subject to infection by several retroviruses, including feline leukemia virus (FeLV), feline
sarcoma virus (FeSV), endogenous type C oncoronavirus (RD-114), and feline syncytia-forming virus (FeSFV). Of
these, FelV is the most significant pathogen, causing diverse symptoms including lymphoreticular and myeloid neo-
plasms, anemias, immune-mediated disorders, and an immunodeficiency syndrome that is similar to human acquired
immune deficiency syndrome (AIDS). Recently, a particular replication-defective FeLV mutant, designated FeLV-AIDS,
has been more particularly associated with immunosuppressive properties.

[0002] The discovery of feline T-lymphotropic lentivirus (now designated as feline immunodeficiency virus, FIV) was
first reported in Pedersen et al. (1987). Characteristics of FIV have been reported in Yamamoto et al. (1988a); Yamamo-
to et al. (1988b); and Ackley et al. (1990). Seroepidemiologic data have shown that infection by FIV is indigenous to
domestic and wild felines throughout the world. A wide variety of symptoms are associated with infection by FIV, in-
cluding abortion, alopecia, anemia, conjunctivitis, chronic rhinitis, enteritis, gingivitis, hematochezia, neurologic abnor-
malities, periodontitis, and seborrheic dermatitis. The immunologic hallmark of domestic cats infected with FIV is a
chronic and progressive depletion of feline CD4* peripheral blood lymphocytes, a reduction in the CD4:CD8 cell ratio
and, in some cases, an increase in CD8-bearing lymphocytes. Based on molecular, biochemical and immunopathologic
characteristics, FIV infection of cats is now considered to be a better feline AIDS model than FelLV-FAIDS.

[0003] Cloning and sequence analysis of FIV has been reported in Olmsted et al. (1989a); Olmsted et al. (1989b);
and Talbott et al. (1989). Hosie and Jarret (1990) described the serological response of cats infected with FIV. FIV
virus subtypes can be classified according to immunotype based on the level of cross-neutralizing antibodies elicited
by each strain (Murphy and Kingsbury, 1990). Recently, viruses have been classified into subtypes according to gen-
otype based on nucleotide sequence homology. Although HIV and FIV subtyping is based on genotype (Sodora et al.,
1994; Rigby et al., 1993; and Louwagie et al., 1993), little is known about the correlation between the genotype and
immunotype of subtypes. FIV viral isolates are currently classified into four FIV subtypes: A, B, C and D. (Kakinuma
et al., 1995). Infectious isolates and infectious molecular clones have been described for all FIV subtypes except for
subtype C (Sodora et al., 1994). Subtype C FIV has only been identified from cellular DNA of cats from Canada (Sodora
et al., 1994; Rigby et al., 1993; Kakinuma et al., 1995).

[0004] A major difficulty in developing an FIV vaccine has been in identifying a vaccine approach that is effective
against a broad range of FIV strains including field isolates from different subtypes or clades. Vaccine prophylaxis for
FIV has been attained against homologous and slightly heterologous strains using a single-strain vaccine, but not
against challenge with moderate to greatly heterologous strains (Johnson et al., 1994; Yamamoto et al., 1993). Thus,
there remains a need for a vaccine that protects across multiple FIV subtypes.

Brief Summary of the Invention

[0005] The subject invention concerns a vaccine that elicits a broad range of protective immunity against FIV infec-
tions in a host animal. Specifically, the subject invention concerns a multi-subtype FIV vaccine that is prepared using
cell-free viral isolates from different FIV subtypes, or a combination of cell lines each infected with a different prototype
FIV virus from a different subtype. Cats vaccinated with the FIV vaccines of the subject invention develop humoral and
cellular immune responses to homologous and heterologous FIV strains.

[0006] The subject invention also concerns novel feline cell lines that are susceptible to infection by multiple FIV
subtypes. The cell lines of the subject invention are useful for propagating and producing multiple FIV subtypes, as
well as for use in FIV vaccines according to the methods of the subject invention. In addition, the cell lines can also
be used in place of feline peripheral blood mononuclear cells (PBMC) in FIV viral neutralization assays of feline antisera.

Brief Description of the Drawings

[0007]

Figure 1 shows the reverse transcriptase (RT) levels of FIVg,,q and FIVgy, produced after infecting FeT-1C and
FeT-J cell lines with these FIV strains.

Figure 2 shows the immunoreaction of anti-FIV antibodies from dual-subtype vaccinated cats with FIV proteins
as detected by immunoblot. The number over each blot represent the number of vaccinations received by the
animal when the sera was tested.

Figure 3 shows the immunoreaction of anti-FIV antibodies from triple-subtype vaccinated cats with FIV proteins
as detected by immunoblot. The number over each blot represent the number of vaccinations received by the
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animal when the sera was tested.

Figure 4 shows the immunoreactivity of anti-FIV antibodies from triple-subtype vaccinated cats with FIV SU-V3-2
peptide as detected by ELISA.

Figure 5 shows the immunoreactivity of anti-FIV antibodies from triple-subtype vaccinated cats with FIV TM-C1
peptide as detected by ELISA.

Figure 6 shows cross-neutralizing antibody titers of sera from cats infected with either FIVpg, (Ap), FIVpiy (Ap),
FIVyks (Au), FIVBang (Bg), FIVaom1 (Ba), and FIVgy,(Dg). Sera at pre-infection (column 1), 6 months post-infection
(column 2), and 12 months post-infection (column 3) were tested against subtype A FIVp, subtype B FIVBang,
and subtype D FIVg,; in the FeT-1C-cell line. At least three cats per each strain were tested and results show VN
titer from a representative cat from each strain. Similar results were obtained using primary PBMC for VN assay.

Brief Description of the Sequences

[0008]

SEQ ID NO. 1 is an amino acid sequence of an FIV surface envelope peptide designated as SV-V3-2.
SEQ ID NO. 2 is an amino acid sequence of an FIV transmembrane peptide designated as TM-C1.
SEQ ID NO. 3 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 4 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 5 is a nucleotide sequence of an FIV PCR primer.

SEQ m NO. 6 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 7 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 8 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 9 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 10 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 11 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 12 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 13 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 14 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 15 is a nucleotide sequence of an FIV PCR primer.

SEQ ID NO. 16 is a nucleotide sequence of an FIV PCR primer.

Detailed Disclosure of the Invention

[0009] The subject invention concerns novel methods and vaccine compositions useful for inducing protective im-
munity to FIV infection in a susceptible host animal. The vaccine compositions described herein, when administered
to a host animal, induce protective humoral and cellular immune responses against infection by homologous and het-
erologous strains of FIV. The vaccine compositions may comprise either cell-free FIV viral isolates or FIV-infected cell
lines. In a preferred embodiment, the vaccine composition of the subject invention comprises FIV strains from two
different FIV subtypes. Preferably, the vaccine composition comprises three FIV strains, each strain from a different
FIV subtype. More preferably, at least one FIV strain from each of FIV subtype A, subtype B and subtype D is included
in the vaccine composition.

[0010] In a specific embodiment, the vaccine composition comprises FIVpg- and FIVg,-infected cell lines. In another
embodiment, the vaccine composition comprises FIVpg-, FIVg,,4-, and FIVgy-infected cell lines. The use of other FIV
strains representative of all or a portion of FIV subtypes is specifically contemplated by the subject invention. For
example, FIVp;, or FIV kg could be included in the vaccine compositions in addition to or in place of FIVpg, for purposes
of providing an FIV subtype A prototype virus. Similar additions or substitutions with other FIV strains could be made
for FIV subtype B and D prototype viruses.

[0011] As described herein, the vaccine compositions of the subject invention may comprise cell-free whole FIV
virus, or portions of the virus, FIV proteins and polypeptides, as well as FIV-infected cell lines, or a combination of cell-
free virus and infected cell lines. Vaccine compositions comprising FIV-infected cell lines may comprise multiple cell
lines, each infected with a different FIV subtype. The vaccine compositions of the subject invention also encompass
recombinant viral vector-based FIV constructs that may comprise, for example, FIV env, gag/pro, or env-gag/pro. Any
suitable viral vector that can be used to prepare recombinant vector/FIV constructs is contemplated for use with the
subject invention. For example, viral vectors derived from adenovirus, avipox, feline herpesvirus, vaccinia, canarypox,
entomopox, swinepox and others known in the art can be used with the compositions and methods of the present
invention. Recombinant polynucleotide vectors that encode and express FIV components can be constructed using
standard genetic engineering techniques known in the art. In addition, the various vaccine compositions described
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herein can be used separately and in combination with each other. For example, primary immunizations of an animal
may use recombinant vector-based FIV constructs, having single or multiple subtype components, followed by sec-
ondary boosts with vaccine compositions comprising inactivated FIV-infected cell lines. Other immunization protocols
with the vaccine compositions of the invention are apparent to persons skilled in the art and are contemplated within
the scope of the present invention.

[0012] The multi-subtype FIV vaccines specifically described herein were tested for immunogenicity and efficacy in
cats. Specific pathogen free (SPF) cats vaccinated with the subject vaccine compositions were monitored for humoral
and cellular immune responses before and after challenge with homologous and heterologous FIV strains. Humoral
responses were monitored by measuring viral neutralizing (VN) antibody activity and cellular responses were monitored
by measuring cytotoxic T lymphocyte (CTL) activity. Sera and immunocytes from vaccinated cats were tested in vitro
for VN and CTL activities, respectively, against homologous and heterologous FIV strains, and demonstrated that the
vaccines can elicit broad-range protection from FIV infection. According to the teachings of the subject invention, by
combining prototype virus isolates from different FIV subtypes, or by combining individual cells infected with prototype
virus of different subtypes, an effective multi-subtype FIV vaccine can be produced.

[0013] All FIV strains, in addition to those specifically exemplified herein, are contemplated for use with the subject
invention. A number of FIV isolates have been described in the literature and are known to those skilled in the art.
FIVpgt has been described in U.S. Patent No. 5,037,753. Other FIV isolates which have been described can be readily
isolated from infected cats by persons of ordinary skill in the art using standard techniques. Methods for isolating and
culturing FIV are described in U.S. Patent Nos. 5,037,753 and 5,118,602.

[0014] The novel cell lines exemplified herein can be used in the vaccine methods and compositions of the present
invention. Other cells or cell lines that are susceptible to infection by FIV strains, including peripheral blood mononuclear
cells, are also contemplated for use with the present invention.

[0015] Natural, recombinant or synthetic polypeptides of FIV viral proteins, and peptide fragments thereof, can also
be used as vaccine compositions according to the subject methods. In a preferred embodiment, FIV polypeptides
derived from multiple FIV subtypes are combined in a vaccine composition and are used to vaccinate a host animal.
For example, polypeptides based on the FIV envelope glycoprotein from at least two prototype FIV strains from different
subtypes can be combined in the vaccine. The polypeptides may be homologous to one strain or may comprise "hybrid"
or "chimeric" polypeptides whose amino acid sequence is derived from joining or linking polypeptides from at least two
distinct FIV subtypes. Procedures for preparing FIV polypeptides are well known in the art. For example, FIV polypep-
tides can be synthesized using solid-phase synthesis methods (Merrineld, 1963). FIV polypeptides can also be pro-
duced using recombinant DNA techniques wherein a polynucleotide molecule encoding an FIV protein or peptide is
expressed in a host cell, such as bacteria, yeast, or mammalian cell lines, and the expressed protein purified using
standard techniques of the art.

[0016] The present invention also concerns novel feline T-cell lines that are susceptible to infection by FIV. Both
interleukin-2 (IL-2) dependent and independent cells are specifically exemplified. The cell lines designated as FeT-1C
and FeT-J are described herein. The FeT-1C cell line is IL-2 dependent, whereas the FeT-J cell line is IL-2 independent.
The cell lines of the subject invention are useful for providing a vehicle for FIV immunization of cats, as well as for
propagating and producing FIV viral strains in vitro. Both the IL-2-dependent FeT-1C and IL-2-independent FeT-J
uninfected cell lines were tested over 20 times for reverse transcriptase (RT) activity in culture fluids and for FIV proviral
sequence by PCR and were confirmed negative for FIV. FeT-J cell line was highly infectable with all of the FIV strains
tested, including FIVgy;, FIVpiy, FIVyks, FIVpet and FIVg,, but was more difficult to directly infect with FIVgy,;.

[0017] The subject invention further concerns cellular products produced by the cell lines of the present invention.
The cellular products can be isolated and detected using procedures known to the skilled artisan. Antibodies to the
cell lines can also be produced using known methods and are contemplated by the subject invention.

[0018] The FIV uninfected cell lines designated as FeT-1C (ATCC Accession No. CRL 11968) and as FeT-J (ATCC
Accession No. CRL 11967) were both deposited with the American Type Culture Collection, Rockville, Maryland on
August 24, 1995. FIVg,,g- (ATCC Accession No. 11975) and FIVg,- (ATCC Accession No. 11976) infected cell lines
were deposited with the American Type Culture Collection on August 25, 1995.

[0019] According to the methods of the subject invention, the FIV vaccine compositions described herein are admin-
istered to susceptible hosts, typically domestic cats, in an effective amount and manner to induce protective immunity
against subsequent challenge or infection of the host by FIV. The vaccines are typically administered parenterally, by
injection, for example, either subcutaneously, intraperitoneally, or intramuscularly. Other suitable modes of adminis-
tration include oral or nasal administration. Usually, the vaccines are administered to a host at least two times, with an
interval of one or more weeks between each administration. However, other regimens for the initial and booster ad-
ministrations of the vaccine are contemplated, and may depend on the judgment of the practitioner and the particular
host animal being treated.

[0020] The vaccine compositions of the subject invention can be prepared by procedures well known in the art. For
example, the vaccines are typically prepared as injectables, e.g., liquid solutions or suspensions. The vaccines are
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administered in a manner that is compatible with dosage formulation, and in such amount as will be therapeutically
effective and immunogenic in the recipient. The optimal dosages and administration patterns for a particular vaccine
formulation can be readily determined by a person skilled in the art.

[0021] Virus and cells in a vaccine formulation may be inactivated or attenuated using methods known in the art. For
example, whole virus and infected cells can be inactivated or attenuated by exposure to paraformaldehyde, formalin,
phenol, UV light, elevated temperature and the like. The amount of cell-free whole FIV virus in a vaccine dose will
usually be in the range from about 0.1 mg to about 5 mg, and more usually being from about 0.2 mg to about 2 mg.
The dosage for vaccine formulations comprising FIV-infected cell lines will usually contain from about 10° to about 108
cells per dose, and more usually from about 5 x 106 to about 7.5 x 107 cells per dose.

[0022] Virus or cells were typically combined with an adjuvant just prior to administration. Adjuvants used in the
vaccine formulations typically were either threonyl muramyl dipeptide (MDP) (Byars et aL, 1987) or a combination of
Freud's complete and incomplete adjuvants. A variety of other adjuvants suitable for use with the methods and vaccines
of the subject invention, such as alum, are well known in the art and are contemplated for use with the subject invention.
[0023] The subject invention further concerns a novel method for assaying for virus neutralizing (VN) antibodies in
a sample using the uninfected cell lines of the present invention. Unlike PBMC which expire after a limited number of
passages and do not propagate as readily as FeT-1C or FeT-J cells, the FeT-1C and FeT-J cells are an established
cell line and can be readily cryopreserved for future use. Results obtained from VN assays using FeT-1C cells are
more highly reproducible than VN assays using PBMC because PBMC from different SPF cats have individual variability
in cell growth rate and FIV infectability. Further, PBMC for VN assays have to be obtained from SPF cats which require
germ-free housing and maintenance in order to eliminate possible in vivo infection which may affect an in vitro VN
assay using PBMC. Thus, a feline cell line such as FeT-1C which can be readily infected with FTV of different subtypes
can be advantageously substituted for PBMC in VN assays.

[0024] The following abbreviations of FIV strains are used herein:

Strain (subtype) | Abbreviation
Petaluma (A) FIVpet
Dixon (A) FIVpix
UK8 (A) FIViks
Bangston (B) FIVBang
Aomori-1 (B) FIV aom1
Aomori-2 (B) FIV aom2
Shizuoka (D) FIVghi

Materials and Methods

[0025] Cell cultures. All suspension cell lines were cultured in RPMI 1640 containing 10% heat-inactivated fetal calf
serum (FCS). 10mM HEPES (N-2-hydroxyethylpiperazine-n'-2-ethane sulfonic acid), 2 mM L-glutamine, 50 ug/ml gen-
tamicin and 5x10-°M 2-mercaptoethanol. IL-2-dependent cells were supplemented with 100 U/ml of recombinant hu-
man IL-2 (Cetus Corporation, Emeryville, Calif.). The suspension cells were passaged at a cell concentration of
0.5-4x106 cells/ml and recultured in fresh culture media twice a week. All monolayer cells were passaged twice a week
at an initial cell concentration of 2x108 cells/ml. The tissue culture fluids (TCF) from FIV-infected cells were harvested
twice a week, spun at 3000 rpm for 1 hour to remove residual cells, and stored at -20° C, or at -70° C for those TCF
scheduled to be used immediately upon testing. FIV-suscsptible cells (1x108 cells/ml) were infected with FIV having a
reverse transcriptase (RT) activity of about 30,000 cpm/ml.

[0026] FIV purification. Tissue culture fluids from FIV-infected cell lines were individually centrifuged at 2000 to 3000
rpm for 1 hr to remove cells. Virus in the TCF was pelleted by ultracentrifugation at 16,000 rpm for 2 hours, and purified
by ultracentrifugation first on a 10/50% (w/v) discontinuous sucrose gradient and then on a 10/50% continuous sucrose
gradient (Pederson et al., 1987; Yamamoto et al., 1988). Each of the viral isolates was inactivated with 1.25% sterile
paraformaldehyde (0.22 um sterile filtered) for 18 hr and subsequently extensively dialyzed against sterile PBS. The
inactivated viruses were diluted to a concentration of 500 ug/ml with sterile PBS and 250 ug/0.5 ml of each strain was
placed in sterile microfuge tube and stored at -70°C. The inactivated FIV strains were thawed at room temperature
and 250 ug of inactivated virus in 0.5 ml sterile PBS was combined with 0.5 ml of adjuvant just prior to immunization.
FIV-infected cell lines were separately inactivated with 1.25% sterile paraformaldehyde for 18 hr, washed 3 times with
sterile PBS, resuspended in fresh sterile PBS at concentration of about 5.0 x107 cells/ml in sterile tubes and stored at
4°C. Typically, about 2.5 x107 inactivated infected cells in 0.5 ml sterile PBS were combined with 0.5 ml of adjuvant
just prior to immunization. 250 ug/0.5 ml of threonyl muramyl dipeptide (MDP MF75.2 adjuvant; Chiron Corporation,
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Emeryville, CA) was used as an adjuvant.

[0027] CTL assay. Peripheral blood mononuclear cells (PBMC) were stimulated with Concanavalin A (Con A) for 3
days prior to infection with FIV for 10 days (Song et al., 1992). These cells served as target cells for the CTL assay.
CTL activity was generated by co-culturing Con A-stimulated PBMC with autologous UV- and radiation inactivated FIV-
infected PBMC for 5 days. These cells served as the stimulated effector cells. On the assay day, target cells were
labeled with 50uCi of Na®1CrO, for 1 to 3 hours, washed 3 times, and then a fixed number of labeled target cells (5x10%
cells/well) were added to microtiter plates. Effector cells were added in triplicate at various effector/target cell ratios (i.
e., 100:1, 50:1, and 10:1). Plates were centrifuged for 1 minute at 400 rpm and incubated at 37° C for 4 hours.
Control 51Cr-labeled target cells were lysed with detergent to obtain maximal release values. Supernatants from the
test sample wells were collected and radiation was quantified using a gamma counter. Spontaneous release was
determined by incubating 51Cr-labeled target cells in the absence of effector cells. Percentage of specific cytotoxicity
was calculated as:

(mean cpm test release-mean cpm spontaneous release)
(mean cpm maximum release-mean cpm spontaneous release)

% cytotoxicity = (100)

[0028] Immunoblot and enzyme linked immunosorbent assays (ELISA). Sucrose gradient purified virus was used as
substrate for an immunoblot assay as described in Yamamoto et al., 1993. FIVp, from tissue culture fluid of infected
cells was clarified by low speed centrifugation (2000 rpm for 45 min), concentrated by ultracentrifugation (16,000 rpm
for 2 hr), and purified by ultracentrifugation on a 10/50% (w/v) continuous sucrose gradient. The virus purified by this
procedure was used as the substrate for the immunoblot assay.

[0029] A modification of an immunoblot technique previously described was used (Yamamoto et al., 1991a). Virus
blot strips were prepared by solubilizing virus in 0.1% SDS, followed by electrophoresis on 10% SDS-polyacrylamide
gel and electrophoretic transfer onto nitrocellulose membrane. Serum samples from vaccinated cats were diluted to
1:50 in Buffer 3 (0.15 M sodium chloride, 0.001 M editic acid, 0.05 M TRIS base, 0.05% Tween 20, and 0.1% bovine
serum albumin) and incubated with virus blot strips in separate wells of immunoblot plate for 18 hrs at 37°C. The blot
strips were washed individually with wash solution (0.15 M NaCl and 0.05% Tween 20 in deionized H,0), incubated
with biotinylated anti-cat IgG (Vector Laboratories, Burlingame, CA) for 1 hr at 37°C, and washed three times with wash
solution. The strips were then incubated individually with horseradish peroxidase conjugated Streptavidin (Vector Lab-
oratories) for 30 min. After extensive washing, each strip was incubated with a fresh substrate solution (0.05% diami-
nobenzidine, 400 ug/ml NiCl,, and 0.01% H,O, in 0.1 M Tris buffer, pH 7.4) at room temperature. The reaction was
stopped with excess distilled H,O upon establishment of visible bands, and the strips were blot dried. The molecular
weights of the bands on the immunoblots were then determined by comparing them with the migration distance of the
molecular weights standards on a strip previously stained with amido black. Positive and negative control serum were
included in each immunoblot analysis as internal controls for diagnostic evaluation.

[0030] The viral antigen-specific ELISA has been previously described (Yamamoto et al., 1991a; Yamamoto et al.,
1993). Sucrose gradient purified FIVpg; and surface envelope (SU) and transmembrane (TM) peptides of both con-
served (C) and variable (V) regions of FIVp; were coated on 96 well Immunolon plates (Dynatech Laboratories, Inc.,
Chantilly, VA) at 250 ng/well with bicarbonate buffer (pH 9.6) for 12 to 18 hours at 37°C and were used as substrates
for ELISA. The amino acid sequence of the SU-V3-2 peptide is: Gly Ser Trp Phe Arg Ala lle Ser Ser Trp Lys GIn Arg
Asn Arg Trp Glu Trp Arg Pro Asp Phe (SEQ ID NO. 1); and the amino acid sequence of the TM-C1 peptide is: GIn Glu
Leu Gly Cys Asn Gin Asn GIn Phe Phe Cys Lys lle (SEQ ID NO. 2). The synthetic peptides were synthesized on a
Biosearch 9500 peptide synthesizer (Biosearch, San Rafael, CA) using FMOC peptide synthesis chemistry (Magazine
et al., 1988). Purity of the synthesized peptides was determined by the presence of a single peak on a reversed-phase
high-performance liquid chromatography and confirmed by amino acid sequence analysis performed on the peak sam-
ple.

[0031] The peptide coated plates were washed once with Buffer 3 immediately prior to use. The serum samples were
diluted at 1:200 in Buffer 3 and incubated in the FIV antigen coated wells for 1 hr at 37° C, then washed 6 times. The
wells were washed with wash solution, incubated with biotinylated anti-cat IgG (Vector Laboratories, Burlingame, CA)
for 1 hr at 37°C, washed 6-times, and incubated with horseradish peroxidase conjugated Streptavidin (Vector Labo-
ratories) for 1 hr at 37°C. The wells were then washed 6 times with wash solution and incubated with ELISA substrate
solution (0.005% tetramethylbenzidine and 0.015% H,0, in 0.96-% citrate solution) at room temperature. The reaction
was stopped with 0.1 M hydrofluoric acid upon establishment of visible reaction color in the sequentially diluted stand-
ards consisting of known FIV-positive cat serum. Light absorption was measured with a BioRad ELISA reader (Bio-
Rad Laboratories, Hercules, CA) at optical density of 414 nm. Polymerase Chain Reaction (PCR). The proviral DNA
levels of infected cells were monitored by differential PGR, which was recently developed to distinguish multiple FIV
strains from the same or different subtypes (Okada ef al., 1994). As a means of increasing the sensitivity of PCR, the
nested PCR primer sets shown in Table 1 were used. PCR was performed in a two stage reaction, first with a pair of
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outer primers (common for all FIV strains) under conditions as described in Okada et al., 1994. In the second PCR
stage, 1/25 of the first stage product was amplified using the inner primers (specific for each FIV strain). Using nested
PCR, cells infected with FIVpg, FIVykg, FIVgang, FIVaom1, FIVaqm2 @and FIVgy,; can be distinguished from each other.
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The approximate amount of proviral DNA per cell was determined by semi-quantitative PCR, in which varying

dilutions of DNA extracted from a known number of cells are made. For example, if 10° cells are used for DNA extraction,
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then a 10-° dilution of the DNA preparation will approximately correspond to the DNA present in a single cell. PCR was
performed on these varying DNA dilutions and the final dilution that gave a positive PCR result is considered the end-
point dilution. The number of cells corresponding to the end-point dilution is used to determine the percentage of cells
infected with virus in a given cell preparation according to the following formula:

% infected cells = % x 100

where Z=the number of cells corresponding to the end-point dilution.

[0033] Reverse transcriptase (RT) assay. The presence of RNA-dependent DNA polymerase (RT) was assayed in
cell culture supernatants essentially as described by Rey et al. The RT assay for detecting FIV used poly(rA)-oligo
(dT42.4g) as an exogenous template primer, four different deoxyribonucleotide triphosphates, 20 mM KCI with Mg** as
divalent cation and 5uCi [3H]-labeled thymidine triphosphate (TTP) per sample. Five uCi [3H]TTP gave an average
total count of 1,200,000 cpm using scintillation fluid mixture (1 part xylene to 9 part Research Products International
biodegradable counting scintillant) on a Beckman LS250 scintillation counter (Beckman Instruments, Inc., Palo Alto,
CA). As a result, RT values for samples tested will be below 1,200,000 cpm/ml.

[0034] Viral neutralization assay. A strategy for developing strain- and subtype-specific VN assays has been de-
scribed (Okada et al., 1994). Serial dilutions of heat-inactivated sera were incubated with 100 TCIDg of each FIV strain
for 45 minutes at 37° C in a 24-well plate prior to addition of feline peripheral blood mononuclear cells (PBMC) (4x105
cells/ml) or FIV-susceptible FeT-1C cells (2x105 cells/ml). After 3 days of culturing, the cells were washed once with
Hank's balanced salt solution to remove residual virus from the culture and then the cells were resuspended in fresh
culture media (RPMI-1640 containing 10% heat-inactivated fetal calf serum, 10 mM HEPES buffer, 50 ng/ml gentamicin,
5x10-5 M 2-mercaptoethanol, and 100 Units/ml human recombinant IL-2). Virus infection of cells was monitored by
Mg**-dependent RT assays of the culture fluids harvested on 9, 12, 15, and 18 days of culture. Sera were considered
positive for VN antibodies when RT activity was <25% of infected control cultures consisting of SPF serum.

[0035] Following are examples which illustrate procedures, including the best mode, for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and all solvent mixture proportions
are by volume unless otherwise noted.

Example 1 - FIV-infected cell lines.

[0036] A novel interleukin-2 (IL-2) dependent feline T-cell line, designated as FeT-1C, which is a mother line of an
IL-2-dependent FeT-1M clone, was used to establish individual cell lines chronically infected with either FIVpg, FIVp;y,
FIVyks: FIVBang: FIVaoma, or FIVgy,;. The FeT-1M clone (also referred to as FIV-Fet1M) has been described in U.S.
Patent No. 5,275,813, which is herein incorporated by reference, and was used to produce an IL-2-independent cell
line, FL-4 (also described in U.S. Patent No. 5,275,813), that chronically produces FIVpg. The FeT-1C cell line is highly
infectable with different isolates from FIV subtypes A, B, and D. Long-term passaging of the FeT-1C cell line decreases
its infectability, especially to FIV subtype D; therefore, the passage number should be less than about 35 passages
for optimal FIV infection rates or for its use in VN assays. Semi-quantitative PCR and viral core antigen analyses
indicated that all the cell lines exposed to FIV were significantly infected with individual FIV strains.

[0037] An IL-2 independent feline cell line susceptible to FIV infection has also been developed from FeT-1C cells.
This cellline, designated as FeT-J, can be infected with FIV by co-culture using FIV infected media or cells. For example,
an FIVggng-infected FeT-1C cell line was co-cultured in the absence of IL-2 with uninfected FeT-J cells to establish an
IL-2-independent FIVg,,g-infected FeT-J cell line (designated as Bang/FeT-J). In the co-culture method of infection,
Bang/FeT-1C cells were combined with uninfected FeT-J cells at a ratio of from about 2:1 to about 10:1 (infected:
uninfected). The cell mix was cultured in media in the absence of IL-2 for several days and the FeT-1C cells were
allowed to die off. The remaining cells consisted of FIVg,,4-infected FeT-J cells. Thus, FIV-infected FeT-1C cells can
be used to infect FeT-J cells and establish IL-2-independent FeT-J cell lines infected with different FIV subtypes. The
cocultivation method with FIV infected FeT-1C cells resulted in IL-2-independent FeT-J cell lines producing moderate
to high levels of different FIV subtypes.

[0038] The FeT-1C cell line was also infected with FIVg,; and extensively passaged to produce an IL-2-dependent
cell line designated as Shi/FeT-1C. The Shi/FeT-1C cell line was later co-cultured with FeT-J in the absence of IL-2
and the resulting IL-2-independent FIVg-infected cell line was designated as Shi/FeT-J. The IL-2-independent Shi/
FeT-J cell line produces higher levels of FIVg,; than IL-2-dependent Shi/FeT-1C cell line (Figure 1).

[0039] The development of a FeT-J cell line infected with FIVgang Was also performed without the use of the FeT-
1C cellline. The FeT-J cell line was directly infected with cell-free FIVg,,q inoculum and extensively passaged without
IL-2. The resulting IL-2-independent FIVg,,4 producer cell line was designated Bang/FeT-J. The Bang/FeT-J cell line
produced higher levels of FIVBang than the IL-2-dependent Bang/FeT-1C cell line which was developed by infecting
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FeT-1C cell line with FIVBang (Figure 1).

Example 2 - Multi-subtype FIV vaccines.

[0040] FIV-infected cells were removed from supematants by centrifugation, inactivated, and used as vaccine. Sim-
ilarly, whole FIV virus were pelleted from infected cell-free supernatant by ultracentrifugation and inactivated. Both
infected cells and virus were inactivated by treatment with 1.25% paraformaldehyde for 24 hours at 5°C, followed by
extensive washing or dialysis against PBS, respectively. This method efficiently inactivates FIV without loss of immu-
nogenicity. FIV immunogens produced according to the subject method are highly effective for inducing protective
immunity (Yamamoto et al., 1993; Yamamoto et al., 1991a; Yamamoto et al., 1991b). It is contemplated that attenuated
viral isolates could also be used in the vaccine compositions of the subject invention.

[0041] Although an FIVg,-infected FeT-1C cell line was superinfected with the FIVp, strain to produce a single cell
line infected with multiple subtypes of FIV (i.e., a multi-subtype A/D FeT-1C cell line), within two months of co-infection
the FIVg,,; proviral levels decreased from 50% to less than 5% whereas FIVp proviral levels concomitantly increased
to about 50%. Thus, the maintenance of a single cell line infected with multiple subtypes of FIV for use as an FIV
vaccine is not the preferred embodiment of the subject invention.

[0042] Consequently, in one embodiment of the subject invention, vaccine compositions were developed from two
individual cell lines, each line being infected with a different FIV subtype. In a specific embodiment, the dual-subtype
FIV vaccine composition comprised a combination of an FIV subtype A-infected cell line (Pet/FL-4) with an FIV subtype
D-infected cell line (Shi/FeT-1C). The A-subtype and D-subtype infected cell lines were inactivated as described, com-
bined in equal cell numbers (2.5 x 107 cells each in 250ug of MDP) and used to immunize cats. Three SPF cats were
vaccinated with inactivated Pet/FL-4 cells and four other cats were vaccinated with inactivated Shi/FeT-1C cells
(2.5x107 cells/dose). After a series of four vaccinations, the dual-subtype (Pet/FL-4 and Shi/FeT-1C) vaccine induced
anti-FIV antibodies, including significant VN antibody titers, to both FIV strains tested (Figure 2 and Table 2, Trial ).
Four dual-subtype (Pet/FL-4 and Shi/FeT-1C) vaccinated cats were challenged with FIVg,,4 (50 CIDgp). All three Pet/
FL-4 vaccinated and two of the Shi/FeT-1C vaccinated cats were challenged with 50 CIDg of FIVg,,4. The two re-
maining Shi/FeT-1C vaccinated cats were challenged with 50 CIDgq of FIVg;.

[0043] All dual-subtype vaccinated cats were negative for FIVBamg by virus isolation and PCR of PBMC at 6 weeks
post-infection (pi), whereas all sham immunized cats were positive for either FIVg,,4 or FIVgy,; by virus isolation and
PCR at 6 weeks post-infection (Table 2, trial I). In contrast, one cat each from Pet/FL-4 vaccinated and Shi/FeT-1C
vaccinated groups which was challenged with FIVg,,4 was positive for FIVg,,4. As expected, all cats vaccinated with
FIVgh and subsequently challenged with FIVg,; were negative for FIVg,; at 6 weeks post-infection. Thus, the dual-
subtype vaccine specifically exemplified prevented or delayed infection against homologous FIVg,,; challenge as well
as against heterologous FIVg,,4 challenge.

[0044] The dual-subtype vaccinated cats (Pet/FL-4 cells and Shi/FeT-1C cells) developed FIV antibodies specific
for the viral core protein p25 (also call FIV p28) after the second immunization (Figure 2). Higher antibody titers to
other viral antigens were demonstrated after the third to fourth immunization. VN antibodies to FIVp¢ developed after
the second immunization, whereas VN antibodies to FIVg,, developed after the fourth immunization (Table 4). CTL
responses to FIVpg and FIVg,; were detected as early as the third immunization in all cats tested (Table 3) and stronger
CTL responses to both strains were developed after the fourth immunization. Further, two of the three cats tested
developed CTL responses to FIVg,,q after the fourth immunization. Results indicate that after 4 vaccinations, the dual-
subtype vaccine induced strong CTL responses to FIVpg; and FIVgy,; (Table 3) and high FIV antibodies, including VN
antibody titers, to both FIV strains (Table 4).

[0045] The cats immunized with inactivated Shi/FeT-1C cells developed FIV antibodies specific for the viral core
protein p25 after the second immunization and antibodies to other viral antigens after the third immunization (Figure
2). VN antibodies to FIVg,; in these cats developed after the fourth immunization, whereas VN antibodies to FIVpg
were not detected over the course of the immunizations. Both of the Shi/FeT-1C vaccinated cats developed CTL re-
sponses to FIVgy,; only after the fourth immunization but did not develop CTL responses to FIVpg, even after the fourth
immunization (Table 3). Cats immunized with inactivated Pet/FL-4 cells developed antibodies to p25 after the second
immunization (Figure 2) and to other viral antigens, including VN antibodies to FIVp, after the second to third immu-
nization (Table 4). The only CTL responses detected in cats immunized with Pet/FL-4 cells were to FIVpg. Overall, the
dual subtype FIV vaccine induced more rapid and higher VN antibody titers and CTL responses to both FIV strains
than the single-subtype vaccine. Sham immunized SPF cats did not develop viral antibodies, VN antibodies, or anti-FIV
CTL responses.
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[0046] In a preferred embodiment, the vaccine composition of the subject invention comprises a triple-subtype FIV
vaccine prepared from three cell lines, each cell line having been infected with a viral strain from a different FIV subtype
(A or B or D). Three specific pathogen free cats were immunized with a triple-subtype (FIVpg; + FIVBang + FIVgy)
vaccine. Other cats were immunized with single-subtype FIV Bang Vaccines to evaluate the immunogenicity of macro-
phage-tropic FIVBang as a component of the vaccine. The VN antibody titer results indicate that both triple-subtype
(FIVpettFIVgangtF1Vgy) and single-subtype FIVg,4,4 vaccines elicited high antiviral antibody titers even after the second
immunization (Table 2, trial Il and Table 5). Thus, both lymphotropic and macrophage-tropic FIV can be used as com-
ponents of the vaccine compositions of the present invention.

[0047] The three SPF cats immunized with a combination of inactivated Pet/FL-4, inactivated Bang/FeT-J, and in-
activated Shi/FeT-1C cells (2.5x107 cells each in 250 ug total of MDP) developed FIV antibodies specific for the viral

14



10

15

20

25

30

35

40

45

50

55

EP 0 848 615 B1

core protein p25 and to other viral antigens, including FIV SU and TM envelope protein, after the second immunization
(Figures 3, 4, 5). VN antibodies to FIVpg, FIVp,ng and FIVgy,; developed in the majority of cats soon after the second
immunization and in all cats by the third immunization (Table 5). In addition, one cat had VN antibodies that cross
reacted to FIV kg after third immunization. Four SPF cats immunized only with inactivated Bang/FeT-J cells developed
FIV antibodies specific for the viral core protein p25 and other viral antigens after the second immunization (Figure 3).
VN antibodies to FIVg,, in these cats developed after the second immunization (Table 5), whereas VN antibodies to
FIVpet and FIV kg were not detected over the course of the immunizations. CTL responses of cats immunized three
times with the triple-subtype FIV vaccine (Pet/FL-4, Bang/FeT-J and Shi/FeT-1C cells) to FIV A, B and D subtype target
cells are shown in Table 6. CTL responses to all three FIV subtypes tested were detected. Thus, the triple-subtype
vaccine induced a broad CTL response and more rapid and higher VN and SU-envelope antibody titers than the single-
subtype vaccine. Neither uninfected FeT-J nor Sham immunized SPF cats developed viral antibodies or VN antibodies.
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Table 6.
CTL responses of triple-subtype vaccinated cats after 3rd immunization
Cat No. | Target FIV | E:T Ratio | GTL Activity (% chromium release)
QY1 FIVpet 100 44%
50 21%
10 4%
QY1 FIVgang 100 13%
50 6%
10 1%
QY1 FIViks 100 23%
50 8%
10 2%
Tas FIVBang 100 8%
50 3%
10 1%
Tas FIVgh 100 3%
50 1%
10 0.3%
J55 FIViks 100 10%
50 2%
10 1%

Example 3 - VN antibodies to FTV subtypes.

[0048] An assay for VN antibodies to FIV was also developed using the FeT-1C cells of the subject invention. Serum
from FIVpg-infected cats and SPF cats vaccinated with inactivated Pet/FL-4 cells or inactivated FIVpg, virus were tested
for VN antibody titer using either FeT-1C cells or PBMC according to the VN assay method described herein. Sera
from two SPF cats which were unvaccinated and FIV uninfected were used as control sera. Sera from vaccinated and
FIV infected cats had a high VN antibody titer of 1000 or greater, whereas sera from unvaccinated SPF cats had no
detectable VN antibody titer. The FeT-1C-based VN assay gives VN antibody titer results comparable to those obtained
using primary PBMC from cats (Table 6). This finding demonstrates that VN antibody titers in a VN assay using FeT-
1C cells correlates with those results obtained with a VN assay using PBMC. Therefore, FeT-1C cells can be advan-
tageously used in place of PBMC in the standard VN assay for FIV since FeT-1C cells can be infected with all the FIV
subtypes and can be readily propagated in tissue culture.

Table 7.
VN titers assayed on FeT-1C and PBMC
VN titers
Serum source FeT-1C | PBMC
Vaccinated' 5000 5000
Vaccinated’ >1000 | >1000
Infected? 1000 1000

1 - Sera from inactivated Pet/FL-4 cell vaccinated cats
2 _ Sera from FIVpgt infected cats
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Table 7. (continued)

VN titers assayed on FeT-1C and PBMC
VN titers
Serum source FeT-1C | PBMC
Infected? >1000 | >1000
Uninfected cell immunized3 <10 <10
Uninfected cell immunized3 <10 <10

4 - Sera from FIVpgt infected cats
3 _ Sera from inactivated uninfected FeT-J immunized cats

Example 4 - Immunotyping FIV strains

[0049] /n vitro studies were performed using FeT-1C cells to assess if FIV subtype reflected FIV immunotype. Im-
munotyping is important for understanding the role of VN antibodies in vaccine protection. Antisera from cats infected
with FIV subtype A strains (FIVpg, FIVpy, FIVykg), subtype B (FIVgang, FIVaqm1), and subtype D (FIVgy,;) were tested
for the ability to neutralize these strains in vitro using FeT-1C cells in the VN assay (Figure 6). All of the test antisera
had neutralizing activity against the corresponding homologous FIV strain. FIVpg, a subtype A strain, was significantly
cross-neutralized by antisera from cats infected with FIVp,,. FIVp, differs from FIVp,, by approximately 9% at surface
envelope glycoprotein (Env) regions. Anti-sera from cats infected with FIV subtype A strains cross-neutralized subtype
B FIVgang but did not neutralize subtype D FIVgy,;. Antisera from cats infected with subtype B and D strains only cross-
neutralized other FIV strains within the homologous subtype. Further, antisera from cats infected with FIV g neutral-
ized FIVggng but did not neutralize FIV strains within subtype A. Although FIV kg is classified as subtype A (Sodora et
al., 1994; Rigby et al., 1993; Kakinuma et al., 1995), these results suggest that antisera to FIV g recognizes subtype
B strains, but does not recognize subtype A strains, and may explain why inactivated FIVp, vaccines were ineffective
against FIV kg and FIVgy, (Johnson et al., 1994). Thus, a loose correlation exists between genotype and immunotype.
Although genotypic analyses allow for FIV strain classification, cross-neutralization antibody studies reflect the immu-
nogenicity of FIV strains, which is an important parameter in broad-range humoral protection elicited by vaccines.

Example 5 - FIV cell tropism.

[0050] The cell tropism of the FIV strains obtained from infected FeT-1C and infected FeT-J cell lines were compared
to those FIV strains obtained from primary PBMC (Table 8). Two FIV isolates, FIV kg and FIVg,,g, are both equally
lymphotropic and macrophage-tropic, whereas FIVg,; is highly lymphotropic. FIVpe was more lymphotropic than mac-
rophage-tropic and its cell tropism was not significantly affected by its cell source. The macrophage-tropism of FIVBang
was not affected by the cell source of the virus. Since the cell tropism of the FIV strains from infected FeT-1C cell line
is comparable to those produced from primary PBMC the virus grown in FeT-1C cells can be used as inoculum for VN
assays and also as an in vivo inoculum for studies to evaluate therapeutic and prophylactic approaches.

Table 8.
Cell tropism of FIV Isolates.
TCIDgy?
FIV (Subtype) FIV Source FeT-1C PBMC Alveolar Primary
Macrophage Microglia
Petaluma (A) PBMC 104 104 102 ND
Petaluma (A) FeT-1CP 104 104 101 ND
Petaluma (A) FL-44 104 104 101 ND
Dixon (A) FeT-1C 104 103 101 ND

a_ All virus inocula were adjusted to 120,000 cpm/ml of RT activity before titration on 5x1 0° cells/ml of feline T cells (FeT-1C) or primary feline cells
and the results represents the highest titer of the virus harvested over 21 days of culturing.

b _ Same cells as the infected-cell vaccines.
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Table 8. (continued)

Cell tropism of FIV Isolates.

TCIDgp?
FIV (Subtype) FIV Source FeT-1C PBMC Alveolar Primary
Macrophage Microglia
UKS8 (A) PBMC 102 103 103 ND
UKS8 (A) FeT-1C 103 103 103 ND
Bangston (B) PBMC 103 103 103 102
Bangston (B) FeT-1CP 103 103 103 102
Bangston (B) FeT-Jb 103 103 103 102
Shizuoka (D) PBMC 102 103 <1 ND
Shizuoka (D) FeT-1CP 103 103 <1 ND
Shizuoka (D) FeT-JP 103 103 ND ND

a_ All virus inocula were adjusted to 120,000 cpm/ml of RT activity before titration on 5x1 0° cells/ml of feline T cells (FeT-1C) or primary feline cells
and the results represents the highest titer of the virus harvested over 21 days of culturing.

b _ same cells as the infected-cell vaccines.

[0051] It should be understood that the examples and embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof will be suggested to persons skilled in the art and are
to be included within the spirit and purview of this application and the scope of the appended claims.

SEQUENCE LISTING
[0052]
(1) GENERAL INFORMATION:
(i) APPLICANT INFORMATION:

Applicant Name(s): UNIVERSITY OF FLORIDA
Street address: 223 Grinter Hall

City: Gainesville

State/Province: Florida

Country: US

Postal code/Zip: 32611

Phone number: (352) 392-8929 Fax: (352) 392-6600
Applicant Name(s): REGENTS OF THE UNIVERSITY OF CALIFORNIA
Street address: 2150 Shattuck Avenue, Suite 520
City: Berkeley

State/Province: California

Country: US

Postal code/Zip: 94704

Phone number: (510) 748-6600 Fax: (510) 748-6639

(ii) TITLE OF INVENTION: Multi-Subtype FIV Vaccines
(iii) NUMBER OF SEQUENCES: 16
(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Saliwanchik & Saliwanchik
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(B) STREET: 2421 N.W. 41st Street, Suite A-1

(C) CITY: Gainesville
(D) STATE: Florida
(E) COUNTRY: USA
(F) ZIP: 32606

(v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: Patentln Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Pace, Doran R.
(B) REGISTRATION NUMBER: 38,261

(C) REFERENCE/DOCKET NUMBER: UF152

(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (904) 375-8100
(B) TELEFAX: (904) 372-5800

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Gly Ser Trp Phe Arg Ala Ile Ser Ser Trp Lys Gln Arg Asn Arg Trp
1 5 15

Glu Trp Arg Pro Asp Phe
20

(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: single

20
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(D) TOPOLOGY: linear
(i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

1

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GAAATGTATA ATATTGCTGG

20
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GAATTGATTT TGATTACATC C

21

(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Gln Glu Leu Gly Cys Asn Gln Asn Gln Phe Phe Cys Lys Ile
5 10
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TAGTAGTTAT AGTGGTACTA

20

(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

TCTTTAAGGC TTCAGTCACC T

21 g

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GTACAAATAG TAGTAGTACA A

21

(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

TCTTTARGGC TTCAGTCACC T

21

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GGGACTACTA GCAATGGAAT A

21

(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

AGTGCCTCAG TTATTTTATC C

21

(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:

(A
(B
(C
(D

LENGTH: 21 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

TGGGACTGAT GATAGTAAAA C

21

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)

23



10

15

20

25

30

35

40

45

50

55

EP 0 848 615 B1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

AGTGCCTCAG TTATTTTATC C
21

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

TGGGACTGAT AATAGTGAAA C
21

(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

AGTGCCTCAG TTATTTTATC C
21

(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

TCATCATTTC CAACATGTC
19

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

ARTGCTTCAG TTATTTGATC
20
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Claims
1. A multi-subtype FIV vaccine composition comprising FIV immunogens derived from different FIV subtypes, wherein
the composition is capable of eliciting an immune response against a plurality of FIV subtypes in a cat and against

homologous and heterologous FIV strains.

2. A composition according to claim 1, wherein the immunogens are selected from recombinant viral vector FIV
constructs, FIV polypeptides, cell-free whole FIV virus, and FIV-infected cell lines.

3. A composition according to claim 2, wherein the FIV virus or FIV-infected cell line is inactivated or attenuated.
4. A composition according to claim 2 or claim 3, comprising at least two FIV strains from different FIV subtypes.
5. A composition according to claim 4, wherein the FIV subtypes are selected from subtypes A, B, C and D.

6. Acomposition according to claim 5, which is a dual-subtype composition and the different FIV subtypes are Aand D.
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7. A composition according to claim 6, wherein the subtypes are FIVpg and FIVg;.

8. A composition according to claim 5, which is a triple-subtype composition and the different FIV subtypes are A, B
and D.

9. A composition according to claim 8, wherein the subtypes are FIVpg, FIVp,,g and FIVgy,;.

10. A composition according to any of claims 2 to 9, which comprise FIV-infected cell lines, wherein the uninfected
cell lines are feline-derived T cell lines and are selected from cell lines designated as Fet-1C having ATCC acces-
sion number 11968 and FeT-J having ATCC accession number 11967.

11. A composition according to any of claims 2 to 9, which comprises FIV-infected feline-derived T cell lines and are
selected from cell lines designated as Shi/FeT-1C having ATCC accession number 11976 and Bang/FeT-J having
ATCC accession number 11975.

12. Use ofimmunogens as defined in any of claims 1-11, for the manufacture of a vaccine for use in inducing a protective
immune response against infection by homologous and heterologous strains of FiV.

13. Use according to claim 12, wherein the immunogens are as defined in claim 2, for use as a boost in an animal
immunised with a recombinant viral vector FIV construct.

14. Use according to claim 13, wherein the vaccine comprises cell-free whole FIV virus.

15. Use according to claim 14, wherein the FIV virus is inactivated prior to use.

16. Use according to claim 14, wherein the FIV virus is attenuated prior to use.

Patentanspriiche

1. Multi-Subtyp-FIV-Impfstoffzusammensetzung, umfassend FIV-Immunogene, die sich von verschiedenen FIV-Sub-
typen ableiten, wobei die Zusammensetzung dazu befahigt ist, eine Immunreaktion gegen eine Mehrzahl von
FIV-Subtypen bei einer Katze und gegen homologe und heterologe FIV-Stdmme hervorzurufen.

2. Zusammensetzung nach Anspruch 1, wobei die Immunogene unter rekombinanten, viralen Vektor-FIV-Konstruk-
ten, FIV-Polypeptiden, zellfreiem, vollstandigem FIV-Virus und FIV-infizierten Zelllinien ausgewabhlt sind.

3. Zusammensetzung nach Anspruch 2, wobei das FIV-Virus oder die FIV-infizierte Zelllinie inaktiviert oder abge-
schwécht sind.

4. Zusammensetzung nach Anspruch 2 oder 3, umfassend mindestens zwei FIV-Stdamme von verschiedenen
FIV-Subtypen.

5. Zusammensetzung nach Anspruch 4, wobei die FIV-Subtypen unter den Subtypen A, B, C und D ausgewahlt sind.

6. Zusammensetzung nach Anspruch 5, wobei es sich um eine duale Subtyp-Zusammensetzung handelt und es sich
bei den verschiedenen FIV-Subtypen um A und D handelt.

7. Zusammensetzung nach Anspruch 6, wobei es sich bei den Subtypen um FIVpg, und FIVg,; handelt.

8. Zusammensetzung nach Anspruch 5, bei der es sich um eine Dreifach-Subtyp-Zusammensetzung handelt und
es sich bei den verschiedenen FIV-Subtypen um A, B und D handelt.

9. Zusammensetzung nach Anspruch 8, wobei es sich bei den Subtypen um FIVpg, FIVg,,q und FIVgy,; handelt.

10. Zusammensetzung nach einem der Anspriche 2 bis 9, die FIV-infizierte Zelllinien umfasst, wobei es sich bei den

nicht-infizierten Zelllinien um von Katzen abgeleitete T-Zelllinien handelt, die unter Zelllinien mit der Bezeichnung
Fet-1C mit der ATCC-Hinterlegungsnummer 11968 und FeT-J mit der ATCC-Hinterlegungsnummer 11967 ausge-
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wahlt sind.
Zusammensetzung nach einem der Anspriiche 2 bis 9, umfassend FIV-infizierte, von Katzen abgeleitete T-Zellli-
nien, die unter Zelllinien mit der Bezeichnung Shi/FeT-1C mit der ATCC-Hinterlegungsnummer 11976 und Bang/
FeT-J mit der ATCC-Hinterlegungsnummer 11975 ausgewahlt sind.
Verwendung von Immunogenen gemal der Definition in einem der Anspriiche 1 bis 11 zur Herstellung eines
Impfstoffes zur Verwendung bei der Herbeifiihrung einer schiitzenden Immunreaktion gegen eine Infektion durch

homologe und heterologe Stamme von FIV.

Verwendung nach Anspruch 12, wobei die Immunogene der Definition in Anspruch 2 entsprechen, zum Einsatz
als Auffrischungsimpfung in einem Tier, das mit einem rekombinanten, viralen Vektor-FIV-Konstrukt immunisiert ist.

Verwendung nach Anspruch 13, wobei der Impfstoff zellfreien, vollstdndigen FIV-Virus umfasst.
Verwendung nach Anspruch 14, wobei das FIV-Virus vor der Verwendung inaktiviert wird.

Verwendung nach Anspruch 14, wobei das FIV-Virus vor der Verwendung abgeschwéacht wird.

Revendications

10.

1.

Composition de vaccin de FIV multi-sous-type, comprenant des immunogenes de FV, dérivés de différents sous-
types de FIV, la composition étant capable d'induire une réponse immunitaire contre une série de sous-types de
FIV chez un chat et contre des souches homologues et hétérologues de FIV.

Composition selon la revendication 1, dans laquelle les immunogénes sont choisis parmi des constructions de
vecteur viral recombiné de FIV, des polypeptides de FIV, des virus FIV complets exempt de cellule et des lignées
cellulaires infectées par FIV.

Composition selon la revendication 2, dans laquelle le virus FIV ou la lignée cellulaire infectée par FIV est inactivé
ou atténué.

Composition selon la revendication 2 ou 3, comprenant au moins deux souches de FIV de différents sous-types
de FIV.

Composition selon la revendication 4, dans laquelle les sous-types de FIV sont choisis parmi les sous-types A, B,
CetD.

Composition selon la revendication 5, qui est une composition a double sous-type et les différentes sous-types
de FIV sont A et D.

Composition selon la revendication 6, dans laquelle les sous-types sont FIVpg, et FIVgy,;.

Composition selon la revendication 5, qui est une composition a triple sous-type et les différents sous-types de
FIV sont A, B et D.

Composition selon la revendication 8, dans laquelle les sous-types sont FIVpg, FIVggag et FIVgy,.

Composition selon I'une quelconque des revendications 2 a 9, qui comprend des lignées cellulaires infectées par
FIV, ou les lignées cellulaires non infectées sont des lignées dérivées de cellules T félines et sont sélectionnées
parmi les lignées cellulaires appelées FeT-1C ayant le numéro d'acces ATCC 11968 et FeT-J ayant le numéro
d'acces ATCC 11967.

Composition selon l'une quelconque des revendications 2 a 9, qui comprend des lignées cellulaires infectées par

FIV, ou les lignées dérivées de cellules T félines infectées par FIV et sont sélectionnées parmiles lignées cellulaires
appelées Shi/FeT-1C ayant le numéro d'acces ATCC 11976 et Bang/FeT-J ayant le numéro d'accés ATCC 11975.
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Utilisation d'immunogénes tels que définis dans n'importe laquelle des revendications 1 a 11, pour la préparation
d'un vaccin a utiliser pour induire une réponse immunitaire protectrice contre une infection par des souches ho-

mologues et hétérologues de FIV.

Utilisation selon la revendication 12, ou les immunogénes sont tels que définis a la revendication 2, a utiliser
comme rappel chez un animal immunisé avec une construction de vecteur viral recombiné de FIV.

Utilisation selon la revendication 13, ou le vaccin comprend un virus FIV complet exempt de cellule.
Utilisation selon la revendication 14, ou le virus FIV est inactivé avant utilisation.

Utilisation selon la revendication 14, ou le virus FIV est atténué avant utilisation.
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Fig. 5A

EP 0 848 615 B1

0.8

Triple-Subtype Vaccine
—&@— Cat #J55

.__‘._.
.._-__

Cat #QY1
Cat #TAS

0.6 —

0.D. 414 nm

0.4 —

0.2 J

0.8 -

Bang/FeT-J Vaccine

——
_‘_
__--..

Cat #RD2
Cat #QUs
Cat BEA

A

o
o
1

0.D. 414 nm
o

o

l

0.2 -

pre 2l'1d 3rd
IMMUNIZATION

34




EP 0 848 615 B1

A RNnn“H “\\\‘\\\\\“\\\\\\\\\\\\\\\\\\\\\\\\\\\\

0 \\\“\\\\“\ \\\\\\\\\\\\K\\\\\\\\\\\\\\\\\\\\\\\\\\\%

@)

w

:

1]

=)

@

g

12

w

>

1 @

° 3
o 3
L Z
q

q

1]

:

' m

o)

@

=

2

q

i :
(@)
S 8 S S
< (9] N ™

H3lll NA



	bibliography
	description
	claims
	drawings

